Background {#Sec1}
==========

Resistance training (RT) induces acute mechanical and physiological responses that play a role in chronic adaptations including muscular strength, hypertrophy, and performance. Although other factors are at play, the acute responses to RT and subsequent tissue remodeling are primarily mediated via the neuroendocrine system \[[@CR1]\]. More specifically, some hormones and cytokines have received further attention in studies on the responses and adaptations to RT programs due to their pivotal action in muscle anabolism. For example, growth hormone (GH) and insulin-like growth factor-1 (IGF-1) are some of the most studied, having a major role in promoting tissue anabolism \[[@CR2]\]. On the other hand, cortisol and myostatin impose suppressive effects on muscle growth mainly thorough protein degradation in muscle cells and inhibitory roles on the expression of myogenic regulatory factors, respectively \[[@CR2], [@CR3]\]. Besides, follistatin is a putative inhibitor of myostatin, which can contribute to elevated anabolic responses \[[@CR3]\].

Interestingly, regardless of the exact signaling mechanisms, the total amount of work performed and greater muscle volume activated during RT are of the primary mediators for stimulating the anabolic responses, endocrine adaptations, and subsequent skeletal muscle adaptations including muscle hypertrophy \[[@CR4]\]. Hence, since the contractile function of skeletal muscle is largely dependent on muscle size (together with fiber type) \[[@CR5]\], maximizing the amount of external work during RT may help further stimulate the endocrine system and skeletal muscle adaptations, thereby improving neuromuscular performance.

During traditional, gravity-dependent RT, a constant resistance is most often used, executing lifts with free-weights or performing exercises with pin-loaded machines. It has been suggested that constant resistance cannot fully stimulate the neuromuscular system during exercises with an ascending strength curve (such as squat and bench press) where the amount of force produced by the involved muscle group(s) increases during the latter stages of concentric muscle actions (the type of muscle action that occurs when the length of the muscle shortens as tension is produced). Considering the importance of total work (i.e. repetitions × sets × average concentric force) for stimulating neuromuscular adaptations \[[@CR6]\], the use of lower percentages of maximal force during the latter phases (compared to initial phases) of concentric muscle actions may not encourage optimal adaptations. In other words, during this type of exercises in traditional RT, load remains constant, while the amount of force can be produced by muscle(s) involved increases as the movement progresses in concentric phase. Then, the magnitude of mechanical stimulus is not the same across the range of motion.

On the other hand, variable resistance methods involve a variation in the magnitude of the resistance throughout the exercise's range of motion. An advantage of variable resistance methods includes the possibility to match the increases and decreases in strength (strength curve) throughout an exercise's range of motion \[[@CR7]\]. This could result in exerting near-maximal force by the muscle(s) involved throughout the range of motion. Accordingly, the main purpose of chain-based variable RT (VRT) is to progressively increase the resistance as movement progresses in the concentric range of motion, providing an ascending strength curve-matched load \[[@CR8]\].

Previous research suggests that variable resistance can result in greater total work \[[@CR6]\], and higher muscle activity in the eccentric phase (the type of muscle action that occurs when the length of the muscle increases as tension is produced) \[[@CR9]\] and final portions of the concentric phase \[[@CR10]\] of a movement compared to constant RT (CRT) and can potentially activate the neuromuscular system to enhance subsequent lifting performance \[[@CR11]\]. Although these acute findings are worth considering, research investigating the chronic effects of VRT in untrained individuals is less common, with some researchers finding that variable resistance via elastic bands increased strength greater than CRT \[[@CR12]\] while others noted that strength gains were equivocal between variable and constant resistance \[[@CR13]\]. In this regard, a recent review \[[@CR14]\] concluded that VRT programs resulted in better performance gains compared to constant resistance in a wide range of samples, supporting the conclusions of a recent meta-analysis \[[@CR15]\] that also reported greater gains using variable resistance. However, a subgroup analysis by training status indicated that differences between variable and constant resistance were not significant among untrained participants despite effect sizes favoring variable resistance. Nevertheless, women have been largely underrepresented in these studies, highlighting the need for more research in female populations.

Thus, there is limited evidence demonstrating the chronic neuromuscular adaptations of VRT compared to CRT, and to our knowledge, data on resting hormonal adaptations to VRT are lacking. Additionally, considering that the majority of previous research has investigated variable resistance using bands, mostly in trained men, the effects of variable resistance using chains in untrained women is largely unexplored. While, the increase in resistance follows a pattern which is curvilinear for band-loaded and linear for chain-loaded VRT, and these inequalities may result in relatively different adaptations. If variable resistance using chains could increase the force requirements for a given number of repetitions in this population, total work could increase and the hormonal and neuromuscular responses to training may be magnified compared to traditional CRT. Therefore, the purpose of this study was to examine the hormonal and strength adaptations after eight weeks of CRT or VRT in untrained young women.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

The present study is a randomised controlled intervention design. Anthropometric characteristics, muscular strength, and resting hormonal levels were assessed for all participants prior to and after the intervention program (Fig. [1](#Fig1){ref-type="fig"}). Participants were randomly assigned to one of the following three groups: (i) variable RT (VRT; n = 12); (ii) constant RT (CRT; n = 12); and (iii) control (Con; n = 12). All participants were instructed to maintain their current lifestyle physical activity and dietary habits during the period of intervention. Further, those in VRT and CRT groups performed their specified RT programs three times a week for eight consecutive weeks.Fig. 1Experimental design

Participants {#Sec4}
------------

The procedures were approved by the Institutional Review Committee of the Islamic Azad University, Bandar-e-Anzali Branch, Iran (ref. 13950630-2016) according to the current national laws and regulations and to the latest version of the Helsinki Declaration. G-Power software, version 3.1.9.4 \[[@CR16]\], was used to calculate the sample size required for the present study. Using a statistical power of 0.85 and an effect size of 0.75, a total sample size of at least 28 participants was necessary to test our hypothesis at p\< 0.05.

Thirty-six young, eumenorrheic women provided written informed consent to participate in the present study. All the procedures and risks were explained before the participants gave their written consent, and they were informed that they could withdraw from the study at any time. A questionnaire regarding medical, orthopedic injury, and RT history was completed. None of them had any experience in systematic RT for ≥ 1 year, but all the participants were familiar with the basics of the RT. Participants had no history of injury during the preceding 6 months or any medical conditions precluding them from participating in high-intensity RT. A summary of participants' characteristics is provided in Table [1](#Tab1){ref-type="table"}.Table 1Physical characteristics of study participantsVRT group (n = 12)CRT group (n = 12)Con group (n = 12)Total (n = 36)Age (y)23.75 ± 3.6423.58 ± 3.8423.50 ± 2.9323.61 ± 3.39Stature (cm)164.3 ± 8.30166 ± 5.41165.4 ± 6.47165.2 ± 6.67Body mass (kg) Pre72.62 ± 14.7269.58 ± 10.5974.61 ± 16.8472.27 ± 14.03 Post73.66 ± 13.3970.75 ± 9.2775.16 ± 16.5073.19 ± 13.13BMI (kg m^−2^) Pre26.80 ± 4.2125.25 ± 3.8427.12 ± 1226.39 ± 4.37 Post27.23 ± 4.0825.68 ± 3.3927.33 ± 526.75 ± 4.16% Body fat Pre26.41 ± 3.3927.08 ± 2.9626.75 ± 3.3826.75 ± 3.17 Post23.75 ± 3.8623.75 ± 2.3727.16 ± 3.8324.88 ± 3.70Values are mean ± SD

Testing procedures {#Sec5}
------------------

Assessments before and after the eight weeks of RT programs were completed at the same time of the day, as circadian and/or diurnal rhythms may influence human hormonal secretion and muscular strength \[[@CR1]\]. Additionally, measurements were taken by the same experienced examiners on both occasions, who were blinded regarding the group assignments.

Anthropometric measures {#Sec6}
-----------------------

Body stature was measured to the nearest 0.1 cm using a stadiometer (Seca 222, Terre Haute, Ind., USA), body mass was determined via a medical weighing scale (Tanita, BC-418MA, Tokyo, Japan), and body fat percentage was assessed through 3-site measurements of skinfold thickness (triceps, suprailiac, and thigh) using a Slim Guide skinfold caliper (Creative Health Products, Plymouth, MI, USA), with fat free mass (FFM) thus = body mass -- (body mass × percentage fat mass). All the procedures were performed by the same examiner on both occasions and in accordance with the guidelines by the International Society for the Advancement of Kinanthropometry \[[@CR17]\]. The equations provided by Jackson et al. \[[@CR18]\] and Siri \[[@CR19]\] were used to evaluate body density and body fat percentage, respectively.

Muscular strength assessment {#Sec7}
----------------------------

The bench press and squat were used to evaluate the upper body and lower body muscular strength, respectively. Although the 1-repetition maximum (1RM) test is widely used and is considered safe when performed correctly, novice untrained participants may be unwilling to continue increasing the load over several trials until reaching the maximal values. Further, the application of maximal loads may expose the novice participants to the risk of injury. Therefore, a sub-maximal test was employed, from which the 1RM was estimated. Participants underwent a 15-min warm-up including 5--10 min of stretching and mobilization exercises focusing on hip, knee, shoulder, and elbow flexors and extensors. For each of the tests, participants did 2--10 repetitions at submaximal loads. Then, up to 3 trials were allowed to reach the lower-repetition, heavier-load end of the spectrum. Between sets, 3 min of rest was allowed to provide sufficient recovery. Finally, the equation provided by Brzycki \[[@CR20]\] was used to estimate the maximal strength for each exercise.

Blood analyses {#Sec8}
--------------

Pre- and post-intervention resting blood samples were taken 48 h before the first session of RT and 48 h after the last training session, respectively. After 12 h fasting and 8 h sleep, 5 mL of blood was collected from an antecubital vein using sterile techniques, the blood was transferred into serum tubes, and centrifuged for 15 min at 1100*g*. The resulting serum was pipetted into tubes and kept in the freezer (− 70 °C) for later analyses. All of hormone evaluations were made in duplicate. Therefore, enzyme-linked immunosorbent assays were used to analyze GH, IGF-1, cortisol (DiaMetra kit, Milano, Italy), myostatin, and follistatin (Shanghai Crystal Day Biotech kits, Wuhan, PRC). The intra-assay variance was set based on a coefficient of variation of \< 6%.

Training program {#Sec9}
----------------

Participants in VRT and CRT groups attended three training sessions per week on Mondays, Wednesdays, and Saturdays from about 4 to 6 p.m. with an average duration of 45 to 75 min (depending on the phase of training periodization) per session. The RT program utilized a linear periodization strategy. Since previous research has shown that peak force is significantly increased when combining variable resistance and free weights at heavier loads compared to lighter loads \[[@CR21]\], the present training program included loads of 65% 1RM and over. Participants in the CRT group performed bench press and squat exercises using free weights, but participants in the VRT group performed the same exercises with the inclusion of chains to free weights.

Instructions for the squat and bench press exercises were as follows. For the squat exercise, the participant maintained an upright position, and the bar was grasped with both hands and positioned on the shoulder behind the neck and feet were placed shoulder width apart. Then, the participant descended until the posterior part of the thigh was aligned parallel to the floor and regained the start position thorough ascending. For the bench press exercise, participants maintained a supine position on the bench with the head and trunk supported by the bench, the knees were bent and the feet on the floor. The bar was grasped with both hands with a distance greater than the shoulder width and less than 81 cm (the greatest width allowed by International Powerlifting Federation) between the palms, then was lowered to touch the chest and was lifted upward until elbows reached full extension. The range of motion and proper technique of exercise were ensured by the same spotter (a research staff member). Since the participants were untrained, no any exact exercise tempo was set. However, tempos were mostly around 2--2 (2-s concentric and 2-s eccentric actions).

The training load for each exercise during VRT was reduced by 15% and replaced chains (¼-inch chains with a total length of 150 cm) that were attached to each end of the barbell through a spring clip. Additionally, the VRT and CRT groups performed lateral pull downs and lying leg curls using machines (Inpars Co, Isfahan, Iran) to maintain a balance of training stimulus between agonist and antagonist muscles on both upper body and lower body. During these machine-based exercises, chains were not used. Compliance to all VRT and CRT sessions was monitored by the investigators, and in the few cases that a participant did not attend a session, an alternative session was allocated within the same week. A summary of resistance training program can be found in Table [2](#Tab2){ref-type="table"}.Table 2Resistance Training ProgramWeekSetsRepsIntensity (% 1RM)Rest (s)131065120231065120331070120-180431270120-1805312-10-1075120-1806412-10-10-875120-1807410-10-8-8801808510-10-8-8-680180Exercises were the same for the 8-week resistance training program including bench press, squat, leg curl, and lateral pull down

Statistical analyses {#Sec10}
--------------------

All data were analyzed using SPSS statistical software version 26 (SPSS, Inc., Chicago, IL, USA). Normality of data and homogeneity of variances were checked using Shapiro--Wilk and Levene's tests, respectively. Values are presented as means ± standard deviations. Percentage changes were calculated as (\[post training − baseline\]/baseline × 100). The analyses of covariance and post hoc tests with Bonferroni adjustments were conducted to examine the differences in pre- to post-intervention changes between the 3 groups. The baseline values were covariates, and the post-intervention values were the dependent variables. Then, intra-group differences between pre- and post-intervention values were compared using the paired samples *t* test. The effect sizes (Cohen's d) plus 95% confidence interval were calculated as in previous studies \[[@CR22], [@CR23]\]. The classification for magnitudes of the effect sizes were as follows: ≤ 0.20, trivial; 0.21--0.50, small; 0.51--0.80, moderate; \> 0.80, large \[[@CR24]\]. Pearson correlation coefficient was used to evaluate the relationship between FFM and hormonal measures. Statistical significance was set at p ≤ 0.05.

Results {#Sec11}
=======

Hormonal measures {#Sec12}
-----------------

After the 8-week training period, there were moderate and large significant increases in GH levels for the VRT (*p* = 0.014; ES = 0.78, 95% CI = 0.17 to 1.39; Δ of 197.1 ± 320.4%) and CRT (*p* = 0.003; ES = 1.55, 95% CI = 0.83 to 2.26; Δ of 229.9 ± 440.4%) groups, respectively (Fig. [2](#Fig2){ref-type="fig"}a, b). However, no significant difference was found between the VRT and CRT groups (*p *\>0.05) (Fig. [2](#Fig2){ref-type="fig"}a).Fig. 2**a** GH pre- to post-intervention values; **b** GH effect sizes; **c** IGF-1 pre- to post-intervention values; **d** IGF-1 effect sizes; **e** cortisol pre- to post-intervention values; **f** cortisol effect sizes. For within-group comparisons: ^ns^ not significant compared to baseline, p \> 0.05; \*Significantly different from baseline, p ≤ 0.05. For between-group comparisons: ^†^Significantly different compared to the Control group, p ≤ 0.05

Similarly, large significant increases in IGF-1 were observed for the VRT (*p* = 0.001; ES = 1.87, 95% CI = 1.10 to 2.65; Δ of 82.3 ± 57.6%) and CRT (*p* = 0.001; ES = 1.66, 95% CI = 0.92 to 2.39; Δ of 66 ± 44.1%) groups. Further, both the VRT and CRT demonstrated significantly greater increases in IGF-1 than the Con group (*p* = 0.004 and *p* = 0.001, respectively) (Fig. [2](#Fig2){ref-type="fig"}c, d). However, no significant difference was found between the VRT and CRT groups (*p *\>0.05) (Fig. [2](#Fig2){ref-type="fig"}c).

Both the VRT and CRT groups also exhibited significantly greater decreases in resting cortisol compared to the Con group (*p* = 0.004 and *p* = 0.024, respectively). Nevertheless, 2 training groups showed no significant differences (*p *\>0.05) in the magnitude of changes (Fig. [2](#Fig2){ref-type="fig"}e). Plus, the decreases in cortisol levels were large and significant for the VRT (*p* = 0.003; ES = − 1.34, 95% CI = − 2.02 to − 0.66; Δ of − 19.9 ± 21%) and CRT (*p* = 0.001; ES = − 1.05, 95% CI = − 1.69 to − 0.41; Δ of − 17.1 ± 8.9%) groups (Fig. [2](#Fig2){ref-type="fig"}e, f).

Moderate and large significant decreases in myostatin were noted for the VRT (*p* = 0.001; ES = − 0.78, 95% CI = − 1.38 to − 0.17; Δ of − 26.9 ± 17%) and CRT (*p* = 0.001; ES = − 0.82, 95% CI = − 1.44 to − 0.21; Δ of − 23.2 ± 15.3%) groups, respectively (Fig. [3](#Fig3){ref-type="fig"}a, b). Further, both the VRT and CRT demonstrated significantly greater changes in myostatin compared with the Con group (*p* = 0.001). However, no significant difference was found between the VRT and CRT groups (*p *\>0.05) (Fig. [3](#Fig3){ref-type="fig"}a).Fig. 3**a** myostatin pre- to post-intervention values; **b** myostatin effect sizes; **c** follistatin pre- to post-intervention values; **d** follistatin effect sizes. For within-group comparisons: ^ns^ not significant compared to baseline, p \> 0.05; \* Significantly different from baseline, p ≤ 0.05. For between-group comparisons: ^†^Significantly different compared to the Control group, p ≤ 0.05

There were moderate significant increases in follistatin concentrations for the VRT (*p* = 0.001; ES = 0.80, 95% CI = 0.19 to 1.41; Δ of 58.8 ± 66.1%) and CRT (*p* = 0.002; ES = 0.80, 95% CI = 0.19 to 1.41; Δ of 49.15 ± 54.2%) groups (Fig. [3](#Fig3){ref-type="fig"}c, d). Although no significant difference was found between the VRT and CRT groups (*p *\>0.05), both the VRT and CRT displayed significantly greater changes in follistatin compared with the Con group (*p* = 0.001 and *p* = 0.005, respectively) (Fig. [3](#Fig3){ref-type="fig"}c).

Strength measures {#Sec13}
-----------------

The Con group exhibited a trivial nonsignificant (p \> 0.05) increase in bench press strength after the completion of the 8-week training period. Conversely, there were large significant gains for the VRT (*p* = 0.001; ES = 1.45, 95% CI = 0.75 to 2.15; Δ of 30.54 ± 18.05%) and CRT (*p* = 0.001; ES = 1.12, 95% CI = 0.47 to 1.76; Δ of 25.08 ± 9.87%) groups (Fig. [4](#Fig4){ref-type="fig"}a, b). Additionally, the VRT and CRT groups both demonstrated significantly larger gains in bench press strength than the Con group (*p* = 0.001). However, no significant difference was found between the VRT and CRT groups (*p *\>0.05) (Fig. [4](#Fig4){ref-type="fig"}a).Fig. 4**a** Bench press pre- to post-intervention values; **b** Bench press effect sizes; **c** Squat pre- to post-intervention values; **d** Squat effect sizes; **e** FFM pre- to post-intervention values; **f** FFM effect sizes. For within-group comparisons: ^ns^ not significant compared to baseline, p \> 0.05; \* Significantly different from baseline, p ≤ 0.05. For between-group comparisons: ^†^Significantly different compared to the Control group, p ≤ 0.05

Further, the Con group did not significantly (p \> 0.05) improve the squat strength after the 8-week training program. Conversely, large significant gains were noted for the VRT (*p* = 0.001; ES = 1.28, 95% CI = 0.6 to 1.95; Δ of 30.63 ± 23.13%) and CRT (*p* = 0.001; ES = 1.21, 95% CI = 0.55 to 1.87; Δ of 24.81 ± 10.92%) groups (Fig. [4](#Fig4){ref-type="fig"}c, d). Moreover, the VRT and CRT groups both demonstrated significantly larger gains in squat strength than the Con group (*p* = 0.001). However, no significant difference was found between the VRT and CRT groups (*p *\>0.05) (Fig. [4](#Fig4){ref-type="fig"}c).

Fat free mass {#Sec14}
-------------

There were small significant increases in FFM for the VRT (*p* = 0.001; ES = 0.25, 95% CI = − 0.56 to 1.05; Δ of 5.41 ± 2.01%) and CRT (*p* = 0.001; ES = 0.46, 95% CI = − 0.35 to 1.27; Δ of 6.65 ± 3.39%) groups (Fig. [4](#Fig4){ref-type="fig"}e, f). Moreover, the VRT and CRT groups both demonstrated significantly larger gains in FFM than the Con group (*p* = 0.001). However, no significant difference was found between the VRT and CRT groups (*p *\>0.05) (Fig. [4](#Fig4){ref-type="fig"}e).

A strong significant negative correlation was noted between the change in FFM and the change in myostatin (r^2^ = 0.0310, p \< 0.001) and cortisol (r^2^ = 0.283, p \< 0.001) following RT (Fig. [5](#Fig5){ref-type="fig"}a, d). Conversely, the change in FFM showed a strong significant positive correlation with the change in follistatin (r^2^ = 0.278, p = 0.001) and IGF-1 (r^2^ = 0.219, p = 0.004) (Fig. [5](#Fig5){ref-type="fig"}b, c).Fig. 5Correlation of FFM with **a** myostatin; **b** follistatin; **c** IGF-1; **d** cortisol; and **e** GH. Delta values are pre- to post-intervention changes

Discussion {#Sec15}
==========

The primary finding of the present investigation was that VRT and CRT both resulted in similar changes in resting hormonal concentrations after the 8-week RT program. With the exception of GH, the VRT group generally demonstrated larger percentages of pre- to post-intervention changes and effect sizes (together with lower and upper bound confidence intervals toward more optimal adaptations) than those observed for CRT, albeit non-significantly different, which is in line with the results of a recent meta-analysis \[[@CR15]\].

Greater RT volume and total work, particularly with moderate to high loads and short rest intervals, is generally associated with increased GH responses \[[@CR4], [@CR25]\]. However, the results on the chronic adaptations of GH to RT are equivocal. In the present study, both training groups demonstrated a significant increase in resting GH after the training period (Fig. [2](#Fig2){ref-type="fig"}) which contradicts the findings of the study by Marx et al. \[[@CR26]\] on untrained women. They found no significant change in resting GH values in any of the groups trained using CRT. Additionally, we found no significant correlation between changes in FFM and GH. These contradictions could partially be attributed to pulsatile secretion patterns of GH from anterior pituitary. Frequent samplings are then required to have more exact measures of GH release \[[@CR27]\].

Despite no differences between VRT and CRT, VRT may have had a larger effect on IGF-1 compared to CRT (Δ of 82.3% vs. 66%; ES of 1.87 vs. 1.66, and 95% CI of 1.10 to 2.65 vs. 0.92 to 2.39, respectively; Fig. [2](#Fig2){ref-type="fig"}). Our findings are consistent with the results of the study by Marx et al. \[[@CR26]\] indicating that RT caused significant increase in resting IGF-1 in untrained young women. They found significantly greater elevation in IGF-1 values for women trained using high volume multiple sets compared to their peers in low volume single-set RT. Although no other study exists on adaptations of IGF-1 to VRT compared with CRT, their results support this idea that higher volumes and total work could reinforce the elevation of resting IGF-1 as seen in the present study but to a lesser extent. Besides, we found a greater inter-individual variability in GH and IGF-1 adaptations to VRT compared with CRT. Little is known regarding the heterogeneity of hormonal responses to resistance training. However, it has been shown that genetic contribution influences the individuals' ability to physiologically adapt to specific physical exercise and exercise mode \[[@CR28]\], and there is a link between genetic variations and skeletal muscle characteristics, such as muscle fiber composition which might affect adaptations to training \[[@CR29]\].

Similar to IGF-1, resting cortisol levels were not different between VRT and CRT, but VRT may have had a larger effect on decreasing resting cortisol compared to CRT (Δ of − 19.9% vs. − 17.1%; ES of − 1.34 vs. − 1.05, and 95% CI of − 2.02 to − 0.66 vs. − 1.69 to − 0.41, respectively; Fig. [2](#Fig2){ref-type="fig"}). Marang \[[@CR30]\] investigated the impacts of elastic-loaded VRT on hormonal adaptations of resistance trained men. This study also found no statistically significant differences in cortisol between VRT and CRT groups. While chronic elevations of cortisol can have negative impacts on skeletal muscle \[[@CR2], [@CR31]\], an overall reduction of cortisol, as seen in the present study, may indicate a general reduction of protein degradation over time \[[@CR32]\], which can be considered as a positive adaptation.

Along the lines of suppressing catabolism and promoting anabolism, myostatin, a known myogenic inhibitor, decreased similarly in VRT and CRT in the present study (Δ of − 26.9% vs. − 23.2%; ES = − 0.78 vs. − 0.82, and 95% CI of − 1.38 to − 0.17 vs. − 1.44 to − 0.2, respectively; Fig. [3](#Fig3){ref-type="fig"}). These data support the findings of other studies using moderate to heavy RT \[[@CR33]--[@CR36]\]. Since the expression of myostatin is also mediated by glucocorticoid receptors to induce muscle proteoylsis and the enhancers of the regulatory region within the myostatin gene are responsive to glucocorticoids \[[@CR37]\], myostatin may also be downregulated in response to a decline in glucocorticoids such as cortisol and our study supports such a concurrent reduction.

Like myostatin, follistatin is a member of the TGF-β super family and antagonizes myostatin's action and nullifies its inhibitory role through binding to the ACTIIB myostatin receptor site \[[@CR38]\]. Thus, follistatin-mediated action allows greater muscle hypertrophy. Along these lines, follistatin increased similarly (ES of 0.80 in both groups) by 58% and 49% in VRT and CRT, respectively (Fig. [3](#Fig3){ref-type="fig"}). The results of the present study confirm those by Attarzadeh Hosseini et al. \[[@CR39]\] using high intensity RT on young women. The authors concluded that high intensity provides better anabolic stimulus compared to low intensity RT among young women. Overall, as can be seen in our study and those by others \[[@CR39]\], it appears that the intensity of RT plays a major role for inducing significant changes in 2 of the most important factors affecting myogenesis, myostatin and follistatin. In other words, the precise mode of RT may have lesser impact on the changes of these myokines relative to total work completed. Besides, there has been a high variability for myostatin and follistatin concentrations especially in post-intervention values for VRT versus CRT. Possibly, like heterogeneities we found in GH and IGF-1 concentrations, there would be inter-individual differences both at baseline and post-training values. Nevertheless, these differences still remain unknown and further research need to be conducted to unravel this issue. On the other hand, greater variability in post-VRT values compared to CRT, mostly toward optimal values, can partially be influenced by the variability in the baseline values of myostatin and follistatin, as we found further variability in baseline myostatin and follistatin levels for VRT compared to CRT group. However, it is also possible that VRT can induce higher tension and proportionate load in the range of motion, and consequently, greater myostatin and follistatin responses among some participants.

Considering the resting hormonal shifts to a more anabolic state, improvements in muscle mass and strength would be expected \[[@CR40]\]. Accordingly, the findings of the present study indicated that there were significant correlations between FFM with anabolic and catabolic hormones and myokines including IGF-1, cortisol, myostatin, and follistatin (Fig. [5](#Fig5){ref-type="fig"}). Nevertheless, it was not the case for GH and this absence of association again stresses on the need for further identifying the mechanisms by which GH is regulated. We also found conjunct enhancements in muscular strength both in the bench press and squat. The VRT and CRT groups increased muscular strength (both bench press and squat) by about 30% and 25%, respectively (*p *= 0.001, Fig. [4](#Fig4){ref-type="fig"}). These findings demonstrate a comparable effect of chain-loaded VRT relative to CRT using only free weights, despite there being some evidence favoring the use of VRT (Fig. [4](#Fig4){ref-type="fig"}b, d).

These data extend on the findings of a previous study \[[@CR13]\] that investigated the effects of 24 weeks of RT using a similar protocol to our study, among gender-mixed participants. The authors concluded that there was no significant difference between free weight and elastic-loaded RT in the magnitude of strength gains. Comparing to Bellar et al. \[[@CR12]\], although unlike our study, they found significant difference between VRT and CRT groups, VRT-induced strength gains in bench press were quite similar to our study (9.95 vs. 9.41 kg). However, we noted greater gains for CRT group compared to those of them (8.50 vs. 7.56 kg).

One limitation of the present study is that the training cycle did not correspond to a certain phase of the menstrual cycle for each participant, but the length of the intervention (8 weeks) theoretically would have spanned two menstrual cycles in eumenorrheic women, meaning that the pre- and post-intervention testing likely occurred in similar menstrual phases for each participant. However, future research may wish to plan around the menstrual cycles of each individual participant to account for naturally occurring shifts in hormonal balance. Additionally, force output was not measured during training. Since the rationale of VRT lies in an increase, or at least the maintenance of, force throughout the entire range of motion, future studies should determine whether this occurs over time, as it is possible that neuromuscular adaptations may have occurred outside of 1-RM changes. Finally, although participants were asked to maintain their previous regular lifestyle physical activity and diet, it is impossible to know for sure whether they followed these instructions during the entire period of intervention. Therefore, similar to other studies on training programs, this could be considered as a limitation, but we do not believe that it has had major impacts on our findings.

Conclusion {#Sec16}
==========

The findings of the present study support the hypothesis that incorporating chain-loaded VR into a periodized RT program can produce significant improvements in muscular strength. The present study expands upon this recommendation to suggest that chain-loaded VRT can be an effective alternative of CRT (using free weights) for untrained young women, as the findings demonstrate that VRT appears to induce comparable strength improvements to CRT among women with limited background in RT, even suggesting some advantages favoring VRT.

1RM

:   One-repetition maximum

CI

:   Confidence interval

Con

:   Control

CRT

:   Constant resistance training

ES

:   Effect size

FFM

:   Fat free mass

GH

:   Growth hormone

IGF-1

:   Insulin-like growth factor 1

VRT

:   Variable resistance training
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